Introduction: Paraneoplastic limbic encephalitis is a rare neurological syndrome and clinically characterized by cognitive dysfunction, memory impairment, seizures and psychiatric symptoms. Paraneoplastic limbic encephalitis is most frequently found in small-cell lung cancer, among various malignancies, and antineuronal antibodies are related to the autoimmune mechanism. We experienced a rare case of a patient with small-cell lung cancer with anti-voltage-gated calcium channel antibody-positive paraneoplastic limbic encephalitis. Case presentation: A 61-year-old Japanese man with a history of smoking cigarettes presented with seizure, confusion and personality change in acute onset. Brain magnetic resonance imaging showed high signal intensity on T2-weighted image in his right temporal lobe, suggestive of limbic encephalitis. A mediastinoscopy of the lymph node revealed small-cell lung carcinoma, and he was staged as having limited stage disease. Antibodies against P/Q-type and N-type voltage-gated calcium channel were positive and Hu antibody was negative. He was started on chemotherapy of carboplatin plus etoposide with concurrent thoracic radiotherapy. Neurological symptoms were gradually improved after systemic chemotherapy. Conclusions: We should be alert to the potential of malignant neoplasms associated with paraneoplastic limbic encephalitis when we examine a patient with cancer with neurological disorders such as personality change, disorientation, unconsciousness and memory loss. A clinical marker such as voltage-gated calcium channel antibody may help our diagnosis in clinical practice.
Introduction
Paraneoplastic limbic encephalitis (PLE) is an extremely rare neurological syndrome, as the initial presentation of human malignancies. The most common neoplasms include lung (50%), breast (8%) and testicular cancer (20%) [1] . PLE is clinically characterized by cognitive dysfunction, memory impairment, seizures and psychiatric symptoms [2] . The anti-Hu antibody is the most common auto-antibody detected by PLE, and anti-voltagegated calcium channel (VGCC) antibodies are found in patients with small-cell lung cancer (SCLC), usually with Lambert-Eaton myasthenic syndrome [3] . However, it remains unclear whether antibodies to VGCC play a pathogenic role in patients with PLE. Here, we report a case of a patient with SCLC with VGCC antibodypositive PLE.
Case presentation
A 61-year-old Japanese man with a history of smoking cigarettes presented with seizure, confusion and personality change in acute onset. He had no significant past medical history. On admission, a physical examination revealed consciousness disturbance with a Glasgow Coma Scale of 14, impairment of short-term memory and psychiatric symptoms. Other findings were unremarkable, including vital signs and neurological examination. tomography of his thorax showed significant lymphadenopathy in the mediastinum. A 2-[ 18 F]-fluoro-2-deoxy-Dglucose ( 18 F-FDG) positron emission tomography (PET) scan revealed an increased accumulation in the mediastinal lymph node ( Figure 1A) . He continued to deteriorate following admission with progressive confusion and memory. A lumbar puncture showed a normal cerebrospinal fluid and an electroencephalogram was a normal study. However, magnetic resonance imaging (MRI) of his brain revealed abnormalities in his right temporal lobe (Figure 2A) . A mediastinoscopy of the lymph node revealed small-cell lung carcinoma, and he was staged as having limited stage disease. This disease revealed a tumor status of T2N2M0. Antibodies against P/Q-type and N-type VGCC were positive and Hu antibody was negative. Antibody against voltage-gated potassium channel was within normal range. He was started on chemotherapy of carboplatin plus etoposide with concurrent thoracic radiotherapy. After one cycle of chemotherapy, his cognition and confusion markedly improved and PET showed a marked decrease of 18 F-FDG in the lymphadenopathy ( Figure 1B) . A brain MRI showed that the abnormalities in his right temporal lobe had disappeared ( Figure 2B ). After four cycles of chemotherapy with concurrent radiotherapy, he was discharged from our institution. He had a performance status (PS) of three at diagnosis, but he improved to a PS of one after chemotherapy.
Discussion
This is an extremely rare report of SCLC with VGCC antibody-positive PLE. A recent report had documented that antibodies to VGCC and Hu were found in 5% and 25.5%, respectively, of patients with SCLC without neurological disease (n=200), but their presence did not correlate with the extent of disease or outcome [4] . VGCC antibodies had been described to be recognized in 41% of patients with paraneoplastic cerebellar degeneration and SCLC [5] . However, patients with SCLC who have PLE have been rarely reported in the English literature, moreover, only four patients yielded a positive finding of VGCC antibody including our present case [6] [7] [8] . Although the reason for the preferential association of PLE with SCLC is unclear, several researchers hypothesize a mechanism whereby the tumor expression of brain proteins is the trigger of autoimmunity against the nervous system [1] . Patients who are anti-Hu-positive usually have multifocal neurological symptoms and SCLC is frequently associated with anti-Hu antibody. It has been reported that patients who are anti-Hu-negative with SCLC and limbic encephalitis are more likely to improve with treatment [2] . Our patient also has a negative anti-Hu antibody; therefore, his neurological symptoms may improve after systemic chemotherapy. Furthermore, recent reports had documented that some neurological symptoms were improved after systemic treatment in patients with SCLC with VGCC antibody-positive PLE [1, [6] [7] [8] . However, it remains unknown whether the presence of VGCC antibody is correlated with a good response to therapy. In the present series, a brain MRI is helpful for excluding other diseases with similar neurological disorders. It has been described that the brain MRI of patients with PLE shows a typical finding of high signal intensity on flair or T2-weighted imaging in bilateral or unilateral medial temporal lobes and/or brain stem [9, 10] . Cerebrospinal fluid tapping is also necessary to exclude evidence of malignant cells or infection; this corresponds to the results of our present case. However, it is difficult for oncologists to diagnose PLE with lung cancer as an initial presentation.
Conclusions
When we examine a patient with cancer with neurological disorders such as personality change, disorientation, unconsciousness and memory loss, we should be alert to the potential of malignant neoplasms associated with PLE. It is also important to remember that a clinical marker such as VGCC antibody may help our diagnosis in clinical practice.
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